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MAGIS-100 Laser Transport Vacuum 
Simulations and LED Atom Tracker



• Matter-wave Atomic Gradiometer 
Interferometric Sensor
– Dark matter and new forces
– Advancing quantum science
– Gravitational wave detector development

• Atom interferometry

Background
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Atom Source Photo: Stanford University
100m shaft Sr atoms will traverse



• Vacuum Simulations for the 
Laser Transport System 
(LTS)
– Compare low conductance 

designs of lens mounts 
– Characterize pressure 

profile of the LTS

• LED Atom Tracker
– Propose materials to  

implement in the project
– Design software for the 

different science modes
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My Projects

Ion Pump Photo: Ideal 
Vacuum Products

Laser Transport System Arduino Uno and LED strip simulation 
Photo: How To Mechatronics



Vacuum Simulations for the Laser Transport 
System (LTS)-Purpose
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• Ensure vacuum system has low 
enough pressure to meet 
experimental requirements

Laser goes 
through the 

LTS to the 
top of the 

shaft

Inside look at the LTS

A

A

AA

High 
Vacuum

Ultra-High 
Vacuum



Vacuum Simulations for the Laser Transport 
System (LTS)-Procedure
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1. Create vacuum tube in NX 2. Find conductance in Molflow

3. Complete spreadsheet with nodes and 
conductance data, spreadsheet format 
courtesy of Jesse Batko, Fermilab

4. Convert vacuum units to thermal 
units and generate code



Vacuum Simulations for the Laser Transport 
System (LTS)-Procedure
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5. Run thermal simulation in ANSYS 6. Convert data back to vacuum

7. Plot pressure 
distribution

High Vacuum Ultra-High Vacuum



Vacuum Simulations for the Laser Transport 
System (LTS)-Variables
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Middle 
mirror box’s 
orifice

Ion pump speed and placement



Vacuum Simulations for the Laser Transport 
System (LTS)-Results

8/4/20 Jordan Aasman | Intern Poster Session8

Final design: adjusted 
orifice size to remove an ion 
pump

Initial design:
4 ion pumps
0.8” orifice holes

Final proposed design-
meets experimental 
requirement at 8.67E-11 torr



LED Atom Tracker-Purpose
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• Allow spectators to see where the Sr 
atoms are while the experiment is running

• Public outreach

Programmable LEDs in action

Where is the Sr?

20 sec video of the LED strip 
changing colors



LED Atom Tracker-Procedure
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2. Design in TinkerCAD1. Calculate atoms’ trajectory, Mathematica 
Notebook courtesy of Sam Carman, Stanford

3. Create 
program in 

Arduino 
Integrated 

Development 
Environment 

(IDE)

4. Connect 
Arduino to 

LED strip



LED Atom Tracker- Procedure
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5. Run the Circuit



LED Atom Tracker- Results
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• 5m segment complete
– Software programs
– Stable Connections
– Start on button press

• Power requirements
• Recommendations on how to scale

Circuit starting 
on button press

Connection for power injection



LED Atom Tracker- Future
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• Scale up to 100m
– Power injection

• Safety specifications
• Software for all science modes

B

A

C

Science mode 2 program



MAGIS-100 Collaborators


